The aim of this study is to introduce a method which can suggest if sand or gravel 11 dominated bed load transport presents in rivers with mixed-size bed material. As a conventional 12 way, the Shields-Parker diagram could be used for such purposes, however, the method has certain 13 applicability limits, due to the fact that it is based on uniform bed material and provides information 
Introduction

32
In terms of typical geomorphological features, rivers can be divided into three main section 33 types: upper, middle and lower course. One of the decisive differences among these river features is 34 the erosion capacity of the flow, which constantly decreases along the river. In fact, it can be stated 35 that the erosion prevails along the upper course rivers, yielding coarser gravel bed material and 36 significant bed load transport. As to the middle course, all the three characteristic sediment transport 37 processes, such as the local erosion of the bed, the transport of coarse and fine particles together with 38 river bed aggradation take place, resulting in a dynamic equilibrium of the river. Finally, the lower 39 course type rivers can be generally characterized with the deposition of fine sediments transported 40 from upstream [1] . Due to the spatially and temporally varying erosion capacity of the flow and the 41 changing river planforms (straight, meandering or braided river channel patters [2] ), the material grain size [7] , the erosion capacity [10] , or the bed armor measure [6] etc. According to these 48 methods, the morphological properties and processes can be estimated as the function of few, easily 49 definable hydro-morphological variables, e.g. the water depth, the channel width, the mean flow 50 velocity, the mean grain size of the bed material, or the longitudinal bed slope.
51
For instance, there are classification methods, suggesting that the dominant grain size of the bed 52 load (sand or gravel) can be obtained based on the river course type. In most cases, such a 53 classification is straightforward due to the fact that a dominant bed material fraction can be easily 54 chosen, considering e.g. sand-bed (d50 < 2 mm) or gravel-bed (d50 > 2 mm) streams [8] . However, there 55 are several situations, when such a clear distinction cannot be made as both sand and gravel 56 dominated zones appear even in shorter river reaches. These sections are typical to middle course 57 rivers, at the transition sections in terms of bed material. Here, the flow pattern can easily result in 58 spatially strongly varying bed material composition (e.g. coarse river bed surface in the main stream,
59
sand dominated zones in shallower parts) and distinct characteristic grain sizes of the bed load 60 transport.
61
For instance, such a typical river section is the upper Hungarian Danube reach between rkm 62 1798 and rkm 1795 ( Fig. 1) . At this section, the middle course resulted in a meandering pattern type,
63
with non-uniform bed material (d50 range of 0.32 -70.5 mm) [9], [11] . Furthermore, conventional river 64 regulation measures (e.g. groin fields) were installed, which further enhanced the diversity of the 
100
As probably one of the most widely used methods, the Shields-Parker river sedimentation 
where * is the particle Froude number, is the bed shear stress, g is the acceleration due to 111 gravity, s is the sediment density, w is the water density and d is the grain diameter.
where 
120
The basic idea here is to keep the simplicity of the classification method shown by Parker 
where u * is the shear velocity ( * =
, where τ is the local bed shear stress).
130
The paper also emphases that the benchmark measurements were elaborated for hydraulic 131 smoother (Re * < 500) regime.
132
As one of the most widely tested and applied sediment transport formulas for river engineering 
143
The laboratory experiments, where non-uniform bed material conditions were investigated by 
150
load is equal to the sand load when the Re * is between 300 and 400, around 350 (Fig. 1 A) 
Results
159
In order to confirm the assumption made in the previous point, an assessment, considering 167 using the near-bed point-velocity measurements, carried out with a 3D Acoustic Doppler Velocimeter
168
(ADV) [33] .
169
Second, field data from a section of a large river was also assessed. 
187
At the investigated Danube site, the d50 grain size in the river bed ranges between 0.32 to 70.5 188 mm. The estimated local bed shear stress values increase with higher grain sizes, however, quite 189 significant scattering of the points can be seen (Fig. 2 B) . Nevertheless, when indicating a separation 
194
Assessing the relationship between local particle Froude number and the shear Reynolds
195
number for both the laboratory and field experiments (Fig. 2 C) , it can be stated that there is a 
203
( Fig. 2 D) . Most of the points, representing all the three different transport modes, range between 204 1000 < Rep < 10000, below the critical condition provided by Shields.
205
In order to perform a quantitative assessment on the performance of the Re * based approach, a number ranges for the characteristic bed load transport processes. Here, the log-normal distributions
208
of the Re * and Rep values were calculated, separately for the three above distinguished groups. The
209
reason for using the log-normal distribution was the fact that asymmetric distributions were expected
210
(based on the scatters of the points), where Re numbers cannot take negative values [36] . The 211 probability density for the log-normal distribution is expressed as:
where the parameters are 0 ≤ γ < x (location parameter), -∞ < μ < ∞ (scale parameter) and σ > 0
213
(shape parameter), can be obtained by the fitting of the function to the known points. The integration
214
of the log-normal distribution curves results in the cumulative distribution function, which is:
215 216
where Φ is the Laplace integral [37], [38] .
217
As a summary of the calculations, the probability data was summarized for the six log-normal 218 distributions, considering Re * = 300, Re * = 400, and Rep = 360 as critical values.
219 220 
223
The probability values indicated for the three main morphodynamic processes emphasize the 
227
It can be seen that the higher the Re * the more dominant the gravel rate and less the sand motion.
228
Note that similar behavior could be observed in Fig. 2 D. Furthermore, an important outcome of the 229 probability analysis is that the Re * between 300 and 400 is indeed a critical range: below 300 the sand 230 transport, above 400 the gravel motion dominates.
231
Discussion
232
A novel classification method is introduced in this paper, which is expected to predict the locally 
255
Based on the data assessment introduced above, the following classification could be set up:
256
• Re * < ~300  sand transport dominates,
257
• Re * > ~400  gravel transport dominates,
258
• ~300 < Re * < ~400  gravel accumulating and gravel bar formation is expected. 
264
Having information on the local bed material and on the flow field, the Re * based approach can
265
suggest where and what sort of sampling techniques would be the most suitable to collect reliable 266 sediment information, eventually yielding a more cost-efficient and more accurate field procedure.
267
The results can also contribute to the development of improved computational modeling tools. For 
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